from a medical management team [10] . The CCNC program focuses on patients who are moving across care settings and provides transitional support services such as face-to-face counseling during inpatient admission, medication reconciliation after discharge, self-management training, and other types of patient education. The ultimate goal of this PCMH program is to promote better health outcomes in primary care settings, thereby reducing the utilization of inpatient and ED services.
To our knowledge, there are no studies assessing the impact of CCNC on health care utilization associated with cancer treatment-related AEs. Specifically, we lack data on the role that CCNC plays in the care of breast cancer patients experiencing chemotherapy-related AEs. Hence, the specific aims of this study were to describe the extent of health care utilization associated with chemotherapy-related AEs in the Medicaid breast cancer population in North Carolina and to assess the relationship between CCNC enrollment and utilization of such health care.
Methods

Data Sources
The North Carolina Integrated Cancer Information and Surveillance System (ICISS) provided access to cancer registry data and Medicaid claims data, diagnostic and procedural code lookup libraries, and analytic support for this study. [Editor's note: For more information about ICISS, refer to the commentary by Meyer and colleagues on pages 265-269]. Specifically, North Carolina Central Cancer Registry (NCCCR) data were used to identify women diagnosed with early-stage breast cancer from January 1, 2003, through December 31, 2007 . These data include clinical information relevant to the diagnosed cancer, such as primary site and tumor staging. The NCCCR data were then linked to Medicaid claims to identify women who were insured by Medicaid during this period. The Medicaid claims data provide details about health care utilization, including service dates, which allowed us to perform a longitudinal assessment of postdiagnosis treatments and health outcomes.
Cohort Selection
Our study sample consisted of women aged 18-64 years who had a diagnosis of early-stage breast cancer (stage 0, I, or II) based on the presence in the NCCCR data of an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code of 174.X, 238.3, or 239.3. Eligible women had to have been enrolled in Medicaid for at least 1 month before their index diagnosis, and they must not have had evidence of cancer prior to that time. We excluded cases diagnosed at autopsy or on a death certificate, cases with missing or unknown tumor stage data, and cases with an additional cancer diagnosis reported in the registry within 1 year of the index diagnosis. Because Medicaid enrollment can be transient [11] , we only included patients who had at least 12 months of Medicaid enrollment during the 15-month postdiagnosis period, so that most of their service claims could be captured. These exclusions followed a protocol that we described previously in another paper [10] . We further excluded patients who were eligible to receive both Medicare and Medicaid benefits, because complete treatment claims for these patients were not available. See Figure 1 (online version only) for the numbers of patients involved at each stage of the selection process.
Definition and Measurement of Variables
Cancer treatments. Breast cancer treatments (surgery, chemotherapy, radiation therapy, and hormone therapy) were identified using the codes listed in Appendix 1 (online version only). Binary variables-which were not mutually exclusive-were created to define receipt of each of these types of treatments at any time during the study period.
Health care visits associated with chemotherapy-related AEs (dependent variable). Because chemotherapy is the principal source of AEs in the breast cancer patient population, we specifically focused on these AEs. For the purpose of this study, we included moderate-to-severe chemotherapy-related AEs experienced by breast cancer patients as reported in other studies [7, 12] . Following the approach of Hassett and colleagues [7] , we grouped these AEs into 8 categories: abnormal electrolyte levels or dehydration; constitutional symptoms and nonspecific symptoms associated with chemotherapy; nausea, emesis, and diarrhea; infection and fever; malnutrition; anemia and transfusion of red blood cells; neutropenia or thrombocytopenia; and deep vein thrombosis or pulmonary embolism. The codes for these AEs are listed in Appendix 1 (online version only).
It is important to note that these AEs are not 100% specific to the receipt of chemotherapy and may occur in breast cancer patients who did not receive chemotherapy. In order to be consistent with and allow comparisons to the published literature, we used the algorithm developed by Hassett and colleagues [7] to define this type of health care utilization, and we use the term "chemotherapy-related AEs" in our study; however, we also attempted to parse out the occurrence of these events in patients who did not receive chemotherapy. Patients diagnosed with stage 0 breast cancer were included in our analysis because we observed that a significant proportion (nearly 22%) of these patients received chemotherapy during the study period; thus, they were likely to have experienced clinically relevant AEs.
A patient was considered to have experienced a chemotherapy-related AE when an inpatient, outpatient, or ED claim indicated that any of the above-mentioned AEs had figure 1.
Process of Selecting the Final Study Sample
This figure is available in its entirety in the online edition of the NCMJ.
been reported using a relevant procedure code, ICD 9-CM code, or diagnosis-related group (DRG) code. Because the first-listed diagnosis code on the claim does not necessarily represent the reason for the visit [13] , mostly because of intercoder variations in practice, all available diagnosis code fields (up to 9) were used. Health care visits during which a patient received cancer treatments such as chemotherapy or radiation therapy were excluded. The primary outcome variables were the total number of visits to each of the 3 health care settings. CCNC enrollment (primary independent variable). Because CCNC networks and primary care providers receive a permember-per-month (PMPM) payment from Medicaid to coordinate the health and disease management needs of the enrolled population, patients were considered to be enrolled in the CCNC program (and thus to have a PCMH) when both the network and the provider management fees were paid on a monthly basis. We identified the PMPM payment using state-defined procedure codes (W9920 or W9921 for the provider and W9923 for the network) [14] . A binary variable representing patients who had any CCNC enrollment during the 15-month postdiagnosis period served as the primary independent variable.
Control variables. The sociodemographic control variables were sex, race (non-Hispanic white, non-Hispanic black, or other), rural/urban status of the county of residence, and whether or not Medicaid eligibility was due to blindness or disability.
Clinical control variables included cancer stage and comorbidity index, the latter of which was determined using a previously described [10, 15] modification of the National Cancer Institute Combined Index algorithm. Cancer stage was derived using the American Joint Committee on Cancer (AJCC) stage grouping, if possible; the Surveillance, Epidemiology, and End Results (SEER) summary staging was used if AJCC stage grouping was not available, or tumor, node, and metastasis (TNM) staging was used if neither AJCC stage grouping nor SEER summary staging was available [16] .
Statistical Analysis
Bivariate analyses were performed to compare the characteristics and mean numbers of visits for chemotherapyrelated AEs, by type of health care setting, for patients who had ever been enrolled in CCNC versus those who had never been enrolled in CCNC. Because of the lack of specificity of chemotherapy-related AEs, we also used bivariate statistics to compare the frequency with which patients experienced each type of AE and their chemotherapy status (ie, whether they received chemotherapy during the study period or not). Chi-square and Fisher's exact tests were used for comparing categorical variables, and t tests were used for comparing continuous variables.
We used a method proposed by Long and Freese [17] to select an appropriate analytic model with which to perform multivariate analyses for our continuous outcome measures (see Figure 2 ; online version only). We chose negative binomial regression for our analytic model, because it fit the observed data best, and it took into account the possibility of AEs occurring in patients who were not receiving chemotherapy [18] .
Three separate regression analyses were performed to estimate health care utilization; outcomes were the number of inpatient visits associated with chemotherapy-related AEs, the number of outpatient visits associated with chemotherapy-related AEs, and the number of ED visits associated with chemotherapy-related AEs. We used an alpha level of 0.05 to determine statistical significance. Results are presented as average marginal effects (MEs), which represent the marginal change in the number of visits induced by changes in each independent variable [19] . For instance, for our primary independent variable (CCNC enrollment), the ME would indicate the increase or decrease in the number of inpatient admissions associated with chemotherapy-related AEs for patients who were enrolled in CCNC compared with those who were not enrolled in CCNC. Modeling was performed using Stata statistical software [20] .
Results
A total of 570 breast cancer patients met the inclusion criteria and were included in the analysis. The average age of patients in the sample was 48.4 years (standard deviation [SD] = 8.9); the sample included an almost equal proportion of white patients (43.0%) and black patients (44.4%); and the majority of patients (65.3%) lived in an urban area. Fifty-four percent of patients in the sample were enrolled in CCNC for at least 1 month during the study period; among patients with any enrollment, the mean duration of enrollment was 10.8 months. Table 1 summarizes the demographic and clinical characteristics of patients by CCNC enrollment status. Enrollment in CCNC was more common among younger women (P<.001) and among those who were black (P=.005).
Nearly three-fourths (n = 412 [72.3%]) of the patients in the sample had at least 1 health care visit associated with a chemotherapy-related AE during the 15-month follow-up period; specifically, 19.1% had at least 1 inpatient admission, 69.6% had at least 1 outpatient visit, and 24.9% had at least 1 ED visit. The mean numbers of visits associated with chemotherapy-related AEs during the follow-up period were . Patients enrolled in CCNC had fewer overall visits associated with chemotherapy-related AEs across all 3 health care settings, but the differences were not statistically significant in the bivariate analysis (see Figure 3) . Table 2 shows the numbers and percentages of patients who experienced each type of chemotherapy-related AE during the study period, by chemotherapy status (received chemotherapy or did not receive chemotherapy). Table 3 shows the average ME of CCNC enrollment and other covariates on health care utilization (inpatient, outpatient, and ED visits) associated with chemotherapy-related AEs. CCNC enrollment was associated with significantly fewer inpatient admissions for chemotherapy-related AEs (ME, -0.14; 95% confidence interval, -0.280 to -0.004). Our analysis did not find any significant association between CCNC enrollment and the number of outpatient or ED visits for chemotherapy-related AEs. Age at diagnosis and black race were significantly associated with fewer outpatient visits for chemotherapy-related AEs. Higher comorbidity score, receipt of chemotherapy, and receipt of surgery were significantly associated with a greater number of health care visits for chemotherapy-related AEs across all 3 health care settings.
Discussion
To our knowledge, this is the first study to investigate the role of PCMHs in managing chemotherapy-related AEs among women who were recently diagnosed with breast cancer. In this study, we describe the extent of health care utilization associated with chemotherapy-related AEs among early-stage breast cancer patients insured by Medicaid. We found that these patients commonly experienced many of the AEs typically associated with chemotherapy-including abnormal electrolyte levels, dehydration, nausea, emesis, and diarrhea-all of which can be proactively monitored and managed during and after chemotherapy in coordinated care settings such as a PCMH. CCNC's patient-centered approach to providing transitional support and facilitating follow-up care in primary care settings gives it an advantage over other care delivery systems. The proportions of patients seeking health care for chemotherapy-related AEs were higher in our study than in the study by Hassett and colleagues (19% versus 12% for hospitalizations; 25% versus 6% for ED visits) [7] . This could be because of differences between the 2 studies in population characteristics and/or duration of follow-up (15 months versus 12 months). Also, the Medicaid patient population has higher rates of hospitalization for conditions that can often be treated outside of the hospital or avoided altogether [21, 22] , compared with Medicare populations that have been studied previously. In our study, North Carolina breast cancer patients who were enrolled in CCNC had fewer overall health care visits associated with chemotherapy-related AEs than did patients who were not enrolled in CCNC; this finding was clinically and statistically significant for inpatient admissions but not for outpatient visits or ED visits. Because inpatient admissions are costly to the North Carolina health care system and may represent more severe AEs, our findings suggest an important potential value of CCNC's efforts to improve coordination of care and to ensure timely access to primary care providers. This finding is consistent with the general expectation that medical care is more often provided in the outpatient setting in a PCMH model, thus increasing outpatient utilization and decreasing inpatient admissions and ED use.
Interestingly, we observed a negative association between age at diagnosis and the number of AEs (ie, there were fewer AEs with older age). One possible explanation for this finding could be that younger breast cancer patients tend to present with more advanced tumors that require more aggressive treatment [23] [24] [25] ; hence, these patients may be more likely to experience a chemotherapy-related AE that leads to 1 or more health care visits.
Like previous studies [6, 7] , our study found a significantly positive association between the overall number of health care visits associated with AEs and several other factors: cancer stage, the presence of comorbidities, and receipt of chemotherapy. Our finding that a sizeable proportion of stage 0 patients received chemotherapy may indicate that these patients were initially diagnosed at stage 0 but later progressed to a more advanced stage, at which time they were deemed appropriate candidates for chemotherapy. Unfortunately, we cannot verify this hypothesis, because NCCCR data only record cancer stage at incident diagnosis. Other possibilities are that these stage 0 patients may have been found to have HER2-positive tumors, or they may have had high Oncotype Dx scores.
Our study has several limitations. First, Medicaid claims data include up to 9 diagnosis codes for each health care encounter, and some of the visits that we identified as being associated with a chemotherapy-related AE may have been only peripherally related to the AE; this could have led to a possible overestimation of health care utilization associated with chemotherapy-related AEs. In the absence of patient-or provider-reported data about the visit, we have no way of knowing whether this is the case. Second, in the absence of patients' medical records, we did not have detailed contextual information about communication with and recommendations of providers, or about any sentinel events leading up to and possibly influencing the visit. Third, because of unavailability of data, we were unable to include patients with stage III breast cancer, who are also suitable candidates for chemotherapy and may therefore experience chemotherapy-related AEs. Finally, because this was an observational study, we cannot draw any conclusions about the causality of these associations. Despite these limitations, our study provides important and timely information about the extent of health care utilization associated with chemotherapy-related AEs, and it suggests that care management programs such as CCNC may reduce the number of health care visits associated with chemotherapy-related AEs. In the context of an aging population and rising cancer-related health care costs, these findings have important implications for estimating health care demand and for containing health care costs in North Carolina [26] .
Providing high-quality cancer care for economically disadvantaged populations is challenging for several reasons, including gaps in communication, poor access to primary care, and lack of post-treatment coordination of care [27] . In addition, disadvantaged patients may be less able to selfmanage their condition and to meet their post-treatment health care needs [28] . The importance of innovative interventions that can bridge these gaps, facilitate optimum care of breast cancer patients, and maintain quality of care cannot be overemphasized under current economic conditions, given the increasing demand for care and shortages of providers. PCMHs are equipped to improve communication and to provide care management and coordination of care [29, 30] ; thus, they can help providers to meet these challenges more effectively when caring for breast cancer survivors.
PCMHs have proven to be effective in improving outcomes for patients with chronic diseases such as asthma, diabetes, and cardiovascular conditions [14, [31] [32] [33] . As we have reported elsewhere [10] , breast cancer survivors who were enrolled in CCNC were significantly more likely to receive guideline-concordant follow-up care. By virtue of their patient-centered primary care approach, CCNC and other PCMH programs hold huge potential for reducing costs (by proactively managing treatment-related AEs in a primary care setting) and for reducing preventable inpatient admissions and ED visits. The results of this study, although based on North Carolina Medicaid data, provide relevant information to providers and policymakers and should encourage PCMH initiatives nationwide. In this study we showed that any CCNC enrollment during the 15-month postdiagnosis period may decrease health care utilization associated with chemotherapy-related AEs, but future studies could investigate how the duration and intensity of CCNC participation affect health care utilization among cancer patients. Future research also should continue to explore the extent to which PCMHs can help to coordinate survivorship care and to monitor and manage late effects of cancer treatments.
